The analysis of the bs system is an important issue in the Physics programs of the hadron colliders. We discuss two different topics: the structure of the orbitally excited states and prediction of the rates of a class of non leptonic Bs decays.
Experiments at the hadron colliders can analyze different aspects of the heavy meson systems, both in the strong, both in the weak sector. For such systems, predictions are possible using symmetries and the available data. We present two examples of experimental interest: the properties of the orbitally excited bs (bq) resonances and the rates of a class of nonleptonic B s decays.
PROPERTIES OF ORBITALLY EX-CITED bs, bq STATES
A theoretical framework to describe the excited bs, bq states is the heavy quark chiral effective theory, constructed using the spin-flavour symmetry for hadrons comprising a single heavy quark, in the m Q → ∞ limit, and the chiral symmetry valid in the massless limit for light quarks [1] . Heavy Qq mesons are classified in doublets according to the angular momentum s ℓ of the light degrees of freedom: s ℓ = sq + ℓ (sq is the light antiquark spin, ℓ the orbital angular momentum of the light degrees of freedom relative to the heavy quark) [2] . For ℓ = 0 the s P ℓ = 1 2 − doublet comprises two states with 
with the various operators annihilating mesons of four-velocity v.
The octet of light pseudoscalar mesons is introduced using ξ = e iM fπ and Σ = ξ 2 ; the matrix M contains π, K and η fields: 
where Λ χ is the chiral symmetry-breaking scale (Λ χ = 1 GeV). L S and L T describe transitions of positive parity heavy mesons with the emission of light pseudoscalars in S and D wave, respectively, with coupling constants h and h ′ . Corrections to the heavy quark limit induce symmetry breaking terms suppressed by increasing powers of m −1 Q [3] . Mass degeneracy between the members of the meson doublets is broken by:
with λ H,S,T related to the hyperfine mass splittings:
Other two effects due to spin symmetry-breaking concern the possibility that the members of the s ℓ = 3 2 + doublet can also decay in S wave into the lowest lying heavy mesons and pseudoscalars, and that a mixing may be induced between the two 1 + states belonging to the two positive parity doublets with different s ℓ . The corresponding terms in the effective Lagrangian are:
The mixing angle between the 1 + states:
can be related to the coupling constant g 1 and to the mass splitting:
. Some of the parameters in the effective Lagrangian can be determined using recent measurements on charmed and charmedstrange mesons [4] , in particular on two broad states which could be identified as the D * 0 and D ) and, being below the DK and D * K decay thresholds, are narrow [7] . The two sets of measurements, together with the masses reported by PDG [8] and the B * s mass recently measured by CLEO: m B * s = 5414 ± 1 ± 3 MeV [9] , allow to determine some parameters appearing in eqs.(2-6), see Table 1 . For the mixing angle between the two 1 + states D 1 and D ′ 1 , considering the Belle's result θ c = −0.10 ± 0.03 ± 0.02 ± 0.02 rad in [5] and using ∆ T and ∆ S in Table 1 and m c = 1.35 GeV, we can determine the coupling g 1 in (6): g 1 = 0.008 ± 0.006 GeV 2 . In the beauty system, for m b = 4.8 GeV, one obtains: θ b ≃ −0.028 ± 0.012 rad.
Predictions for the masses of excited B mesons, Table 2 Predicted masses of excited beauty mesons. Table 3 Decay widths and branching fractions of J
beauty mesons obtained using the theoretical masses. To compute the full widths we assume saturation of the two-body modes.
Mode
57.3 ± 13.5 B * 0 s2
11.3 ± 2.6 B 3.5 ± 1.0 collected in Table 2 , can be obtained if the splittings ∆ S and ∆ T are the same for charm and beauty, which is true in the rigorous heavy quark limit; at O(1/m Q ) this corresponds to assuming that the matrix element of the kinetic energy operator is the same for the three doublets. B * s0 and B ′ s1 turn out to be below the BK and B * K thresholds, therefore they are expected to be narrow [10, 7] . Preliminary data are available from Tevatron: M (B 1 ) = 5734 ± 3 ± 2 MeV and M (B * 2 ) = 5738 ± 5 ± 1 MeV (CDF), and M (B 1 ) = 5720.8 ± 2.5 ± 5. wave partial widths, respectively [13] : 0.277 ≤ R ≤ 0.955. Taking into account all the constraints, we get:
The coupling constant f is compatible with zero, indicating that the contribution of the Lagrangian term (5) is small. Since also the coupling g 1 turns out to be small, the two 1 + states corresponding to the s coincide with the physical states. We obtain Γ(D s1 (2536)) = 2.5 ± 1.6 MeV and the widths of excited B (s) mesons in Table 3 . A word of caveat is needed here, since these predictions are obtained only considering the heavy quark spin-symmetry breaking terms in the effective Lagrangian; corrections due to spin-symmetric but heavy flavour breaking terms involve addi- 
tional couplings for which no information is currently available, so that they cannot be reliably bounded. The estimated widths turn out to be larger than the preliminary measurements [11] : a discussion of this interesting point requires a confirmation of the experimental data.
A CLASS OF B s DECAYS BY AN SU(3) ANALYSIS
Coming to weak interaction processes, it is again possible to exploit the idea of using a symmetry and the experimental data to make predictions [15] . In this case, the symmetry is SU (3) F and the predictions concern the rates of a class of B s decay modes, an important topic for the B s physics programs at the Tevatron and at the LHC. We consider the modes induced by the quark transitions b → cūd and b → cūs, namely those collected in Table 4 . They are governed, in the SU (3) F limit, by few independent amplitudes that can be constrained, both in moduli and phase differences, from B decay data. Considering transitions with a light pseudoscalar meson belonging to the octet in the final state, there are three different topologies in decays induced by b → cūd(s), the color allowed topology T , the color suppressed topology C and the W -exchange topology E. The transition in the SU (3) singlet η 0 involves another amplitude D, not related to the previous ones. The identification of the different amplitudes can be done observing that B → DP decays induced by b → cuq (q = d or s) involve a weak Hamiltonian transforming as a flavor octet:
(denoting by T The fourB → Dπ andB → D s K rates cannot determine C, T , E and their phase differences [17] .B → D s K only fixes the modulus of E, which is sizeable. Moreover, the presence of E does not allow to directly relate the amplitudes T or C in Dπ and DK. However, all the information onB → Dπ, D s K and DK can be used to tightly determine T , C and E. In fig.1 the allowed regions in the C/T and E/T planes are depicted. The phase differences between the various amplitudes are large, showing deviation from naive (or generalized) factorization, providing contraints to QCD-based approaches to non leptonic B decays [18] and suggesting sizeable long-distance effects [19] . Fixing |V us /V ud | = 0.226 ± 0.003, we obtain | Table 4 , at 68% (continuous), 90% (dashed) and 95% CL (long-dashed contour). The dots are the result of the fit.
rates of B s decays in Table 4 . The uncertainties in the predicted rates are small, even in the Wexchange induced processes B Table 4 . B decay data are collected in Table 5 , including the recently observed W-exchange modeB 0 → D * s K − , together with the predictions for B s . Present experimental data for other modes induced by the same quark transitions, namelyB → D * (s) V decays, are not precise enough to constrain the independent SU (3) amplitudes.
SU (3) F breaking can modify the predictions: its effects are not universal and in general cannot be reduced to well defined and predictable patterns. Its parametrization introduces additional quantities that at present cannot be sensibly bounded since they are obscured by the experimental uncertainties. It will be interesting to investigate its role when other B s decay rates will be measured and more precise B branching fractions will be available. 
